Based on the palaeontological materials of the Cenomanian, Turonian, Coniacian and Santonian in the Caucasus, taxonomic composition, geographic distribution and migration routes of sea urchins are presented. Furthermore the possibility of identifying zoogeographic units in the Late Cretaceous basins of the Caucasus are discussed.
INTRODUCTION
The palaeozoogeographic zonation of ancient oсeans and continents is one of the main methods of comparative palaeobiogeography. At the beginning of the last century, general scientific works of HAUG (1908 HAUG ( -1911 were devoted to this study.
Patterns of the biogeographic distribution of palaeobasins of different geological ages along with the principles of palaeozoogeographical zonation have been highlighted in the works of, among others, MAKRIDIN & KATZ, (1966) , MAKRIDIN (1973 MAKRIDIN ( , 1982 MAKRIDIN ( , 1983 , WESTERMANN (2000) , CESSA & WEST-ERMANN (2003), and MAMEDALIZADE (2011) .
A description of the palaeontological materials of sea urchins of the Late Cretaceous of the Caucasus and the stratigraphic distribution of many species were widely covered in the works of MOSKVIN (1949) , POSLAVSKAYA & MOSKVIN (1959) , RENGARTEN (1959) , GAMBASHIDZE (1967) , GONGADZE (1979) , MOSKVIN (1986) , KHALILOV & MELIKOV (1988) , MELIKOV (2002 MELIKOV ( , 2005 , MAMEDALIZADE (2005) .
The Upper Cretaceous deposits of the Caucasus are characterized by a rich diversity of fossils, of which the class Echinoidea is well represented. The systematic composition and zoogeography of the sea urchins of the Late Cretaceous of this region have been relatively poorly studied. In this context, an attempt is made to highlight some issues concerning the distribution of Late Cretaceous sea urchins of Cenomanian, Turonian, Cogniacian and Santonian ages from the Caucasus on the basis of the collected specimens and published data in the literature.
MATERIALS
The basis of this study is the author's own collections from Upper Cretaceous sediments collected during numerous field expeditions in the Caucasus. In all, about 900 specimens of sea urchin skeletons belonging to the Echinoneoida, Diadematoida, Holasteroida, Cassiduloida, Spatangoida and Clypeasteroida were collected from a wide range of ages. In this study, the classification scheme proposed by SMITH & KROH (2011) is followed.
DISCUSSION
In general, Cenomanian sea urchins of the Caucasus are not common. They are represented by few specimens as noted by PO-SLAVSKAYA & MOSKVIN (1959) .
In the Cenomanian stage, the sea urchins Holectypus exciscus DESOR, H. cenomanensis GUÉRANGER, Conulus laevis AGASSIZ, Nucleolites morrisi d'ORBIGNY, Catopygus columbaris (LAMARCK) and Holaster subglobosus (LESKE) (Fig. 1 ) existed in the marine basins of the Azerbaijanian part of the Lesser Caucasus. The literature concerning the geographical distribution of these species is very scarce. In the Cenomanian, the widest geographical area is shown by Holaster subglobosus, the remains of which were also observed in the Northern Caucasus and the Kopet-Dag Mountain Range in the border region between Turkmenistan and Iran POSLAVSKAYA & MOSKVIN (1959) . In addition to this species, Camerogalerus cylindrica LAMARCK also appears in Cenomanian deposits of the Northern Caucasus. According to GONGADZE (1979) 
The Turonian sea urchins of the Lesser Caucadus, C. rhotomagensis, C. ellipticus, C. subconicus, existed in the Early Turonian marine basin. In the second half of the Turonian, together with Holaster planus, representatives of both Echinocorys (Echinocorys sphaericus (SCHLÜTER), E. gravesi DESOR, E. gibbus (LAMARCK) and Micraster (Micraster leskei d᾿ORBIGNY), are observed for the first time in this area.
In the Georgian part of the Caucasus (the Dzuril massif and the district of Kutaisi) the genus Pyrina ceases to exist at the end of the Cenomanian and Discoides cf. subucula (KLEIN) is replaced by Discoides minima AGASSIZ, Camerogalerus minimus AGASSIZ. Together with this species in the Turonian, Conulus vulgaris, C. subrotundus and Hemiaster nucleus DESOR (GONGADZE, 1979) also appear for the first time in the Dzuril Massif.
In the Northern Caucasus, during the transition from the Cenomanian to the Turonian, the species Camerogalerus cylindrica (LAMARCK) disappears, and Holaster subglobosus is replaced by H. planus. Along with these species, eight completely new species of sea urchins appear within the genera Conulus, Echinocorys, Infulaster and Micraster in the Turonian (POSLAV-SKAYA & MOSKVIN, 1959) .
All sea urchin species appearing in the Turonian in the Caucasus (with the exception of Micraster subglobosus POSLAVS-KAYA & MOSKVIN) were first described from the Late Cretaceous of Western Europe.
In the Azerbaijanian part of the Lesser Caucasus, four echinoid species present in the Turonian belong to the genus Conulus. Among these, only Conulus subrotundus and C. subconicus have been recorded from the Upper Turonian deposits of Georgia (GONGADZE, 1979) and the Northern Caucasus (POSLAVS- KAYA & MOSKVIN, 1959) .
Conulus subrotundus and C. subconicus were distributed more widely -ranging from the Anglo -Paris Basin to the KopetDag Mountains.
The species Conulus subrotundus, shifted its distribution in the second half of the Turonian from west to east in the direction of the Donbas, Crimea, Greater Caucasus, Mangystau Peninsula in western Kazakhstan, the Lesser Caucasus and the Kopet-Dag Mountain areas. It is also known from both the Lower and Upper Turonian deposits of England, France, Germany, Romania, Belgium and Poland (Fig. 3) .
Holaster planus, which has a wide geographical extent from Western Europe to the Kopet-Dag Mountains, appeared in the second half of the Turonian in the Lesser Caucasus and Northern Caucasus. It is a zonal species for the Late Turonian in the Caucasus, the Transcaspian area (eastern Kazakistan and Turkmenistan), and in Europe.
Echinocorys sphaericus, which is of great stratigraphic importance for the Upper Turonian deposits of the Donbas, Crimea, Caucasus, and the Transcaspian, also had a wide geographical distribution. It was first recorded in Lower Turonian age deposits of England, France, Belgium, Poland, and migrated in the second half of the Turonian period towards the Carpathians, Crimea, and then onwards to the Northern Caucasus, the Mangystau Peninsula and the Lesser Caucasus as well as the Kopet-Dag Mountains.
The Turonian sea urchins of the Lesser Caucasus are similar in species composition to the sea urchins of Western Europe. Their distribution indicates that, there was a broad Middle European palaeozoogeographic region in both the Cenomanian and the Turonian.
The composition of the sea urchins of the Coniacian of the Caucasus differs from that of the Cenomanian and the Turonian with respect to their generic and species composition. Thus, the genera Conulus, Echinocorys and Micraster, which existed in the basins of the Lesser Caucasus in the Turonian, are represented in the Coniacian by several new species. In addition, new genera of Cardiotaxis and Isomicraster appear for the first time. In this stage in the marine basins of the Lesser Caucasus, the number of species of the genus Conulus decreases from four to three. Despite this fact, two new species, Conulus ovulum LAMARCK and C. raulini COTTEAU occur along with C. subconicus. With the appearance of Micraster coranguinum KLEIN in the second half of the Coniacian, the number of common species is eleven (Fig. 4) .
In comparison with the Azerbaijan part of the Lesser Caucasus, in the Dzirul Massif of Georgia and Northern Caucasus, there was a significant reduction in sea urchin abundance during the transition from the Turonian to the Coniacian. In Georgia, only Conulus subconicus passes from the Turonian into the Coniacian (GONGADZE, 1979) , together with C. subconicus and Echinocorys gravesi DESOR (POSLAVSKAYA & MOSKVIN, 1959) in the Northern Caucasus. In addition, two new species also appear in the Northern Caucasus; Echinocorys vulgaris BREY-NIUS and Micraster coranguinum.
The analysis of the sea urchin assemblages of the Caucasus and the Donetsk Basin indicate that the connection between the Boreal Sea and Neotethys which existed in the Cenomanian and Turonian continued to remain open throughout the Coniacian. At that time, common species from the Caucasus migrated from northern regions to the southern edges of the European palaeozoogeographic region (Caucasus and Transcaspian) through to the Crimea Peninsula. An example is the common presence of species of the Donetsk Basin (SAVCHINSKAYA, 1974 (SAVCHINSKAYA, , 1982 with areas of the Donbas, Caucasus, and the Transcaspian regions including Conulus subconicus, E. gravesi, E. vulgaris, the Early Coniacian Micraster cortestudinarium GOLDFUUS and Late Coniacian M. coranguinum.
A connection that existed in the Coniacian, between the Boreal Sea and Neotethys, was previously reported by TSAGARELI (1954) , NAIDIN (1964) and ALI-ZADE (1972) . These researchers believed that there was no climatic barrier between the Boreal Sea and Neotethys, as many species of belemnites and inoceramid bivalves migrated from the north to the south and settled in the areas of both the Greater and Lesser Caucasus.
Sea urchins of Western European appearance (especially the Central European ones) observed in the Coniacian sediments of the Caucasus once again indicate the lack of a climatic barrier between the Boreal Sea and Neotethys and that many species could freely migrate from the north to south and from south to east.
In deposits of Santonian age of the Lesser Caucasus, sea urchins are represented by twelve species belonging to five genera (Fig. 5) . Coniacian and Santonian sea urchins are similar to one other (with ~ 60% of the total species). The Coniacian genera Conulus, Cardiotaxis, Echinocorys, Micraster and Isomicraster are present here along with a number of the new species. These are Conulus albogalerus KLEIN, C. oblongus d᾿ORBIGNY, Cardiotaxis mundus RENGARTEN, Echinocorys scutatus LESKE, Micraster turonensis BAYLE, M. rostratus (MANTELL) and İsomicrster senonensis (LAMBERT). In addition, there are also three species that pass from the Coniacian to the Santonian including Conulus raulini COTTEAU Cardiotaxis maximus (SCHLÜTER) and Micraster coranguinum.
The analysis of both field observations and literature data shows that in the Santonian marine basins of the Lesser Caucasus and Northern Caucasus, there were only two common species with Micraster coranguinum and M. rostratus. Despite this, the sea urchin fauna of Santonian age of the Caucasus had a wide geographic distribution ranging from Western Europe to the eastern margin of the Kopet-Dag Mountains. Conulus subconicus, Echinocorys vulgaryis, Micraster cortestudinarium (GOLD-FUUS) and M. coranguinum also show a wide geographical distribution. In the Coniacian and Santonian, these species existed in the marine basins of Western Europe, Northern Africa (Algeria, Tunisia) and along the southern edge of the European palaeozoogeographic region, while Conulus albogalerus was able to migrate to Northern India. Echinocorys vulgaris first appeared in Western Europe in the Coniacian, and in the Santonian it migrated eastward to the Donetsk basin, the Crimea Peninsula, the Lesser Caucasus, and the Kopet-Dag Mountains (Fig. 6) . Micraster rostratus and Paronaster cupuliformis AIRAGHI also had a wide geographical distribution from Western Europe to the eastern edge of Kopet-Dag Mountains. Paronaster cupuliformis first appears in the early Campanian in the Azerbaijanian part of the Lesser Caucasus.
In Georgia (according to GONGADZE, 1979) 
CONCLUSION
The studied materials allow the following conclusions to be drawn:
-The main part of the Late Cretaceous sea urchins of the Caucasus were geographically widespread and a Central European appearance; -There was no climatic barrier during the Late Cretaceous between the Boreal seas and Neotethys allowing for the relatively free migration of sea urchin faunas from Central Europe towards the south-east, to the southern edge of the European palaeozoogeographic region.
